To define severity of illness to identify most effectively patients for whom admission to the intensive care unit (ICU) is unnecessary, the authors performed a retrospective cost-effectiveness analysis. The authors studied the records of 113 patients who were admitted to the ICU after undergoing laminectomy (or other spinal cord surgery) or craniotomy for removal of neoplasm; the Acute Physiology and Chronic Health Evaluation III prognostic system had identified these patients as having a 10% or less risk of requiring intervention while in the ICU. No patient required active intervention during a mean stay of 3.26 days in the ICU. Combined use of a "step-down" postoperative care unit and ICU can optimize allocation of medical resources while providing high-quality care for some neurosurgical patients who are at low risk of requiring postoperative intervention.
rationale after having undergone laminectomy or craniotomy. Our goal was to observe the clinical course in patients who have a less than 10% risk of requiring active medical or surgical intervention while in the hospital. We used the APACHE III protocol to determine the degree to which these patients received ICU intervention as an indication of appropriate ICU admission. Our results showed that the APACHE III prognostic system accurately predicted which patients could be safely and effectively treated in a non-ICU setting and helped us to more efficiently allocate ICU resources.
CLINICAL MATERIAL AND METHODS
Kaiser Foundation Hospital in Los Angeles is a 595-bed tertiary care center that serves the Los Angeles metropolitan area and has an 18-bed medical/surgical ICU. The ICU is run by a full-time intensivist who oversees one medical resident, one surgical resident, and two medical interns. In addition, practitioners of various medical and surgical subspecialties actively participate in patient care. The hospital's critical care committee has developed written guidelines for level of care provided in the ICU. Although the ICU is not a "closed unit," the intensivist in charge has authority to deny admission to the ICU. Nurses specializing in critical care provide nursing care, and the nurse/patient ratio is 1:1 or 1:2, depending on patient requirements. All patients admitted to the ICU are observed and have their vital signs monitored at least hourly.
In 1996, 1471 patients were admitted to the ICU; 301 (20.46%) of these patients were admitted after undergoing neurosurgical intervention (cardiac and cardiac surgical patients are admitted to a separate ICU dedicated to their care) and all critically ill adult patients are admitted to the medical/surgical ICU. We retrospectively reviewed all admissions to the ICU between January 1 and December 31 of 1996. We used the APACHE III prognostic system to identify all patients who were admitted after being treated neurosurgically. The APACHE III prognostic system, described elsewhere, [5] predicts mortality risk for critically ill patients admitted to the hospital.
We investigated profiles for admitted patients classified by APACHE III as having undergone laminectomy/other spinal cord surgery or craniotomy for neoplasm resection. The laminectomy category included all lumbar as well as cervical laminectomy procedures, with or without fusion, and discectomy procedures. The craniotomy category included all craniotomy procedures related to removal of neoplasm. We evaluated the records of 113 patients within these categories identified by APACHE III criteria as "low-risk monitor" (LRM) patients (that is, patients who have a less than 10% risk of needing active medical or surgical intervention such as intubation or dialysis) while in the ICU. No distinction was made between cervical and lumbar laminectomy because no complications occurred for any patient who underwent these procedures. The APACHE III data we examined included information on gender, age, length of stay (LOS), APACHE III score, Glasgow Coma Scale (GCS) score, need for ICU active intervention, ICU mortality, and ICU readmissions. The APACHE III score represents the sum of three groups of variables (physiology, age, and chronic health problems). The type of intervention required for one patient was determined by chart review. The charts of two patients requiring readmission to the ICU were reviewed to determine why.
RESULTS
Of the 1471 patients admitted to the ICU during the study period, 301 had undergone a neurosurgical procedure. Of this group, 64 patients were admitted after undergoing laminectomy and 67 patients were admitted after undergoing craniotomy for removal of a neoplasm. The number of LRM patients was 57 (89.1%) in the laminectomy group and 56 (83.6%) in the craniotomy group. The characteristics of each LRM population are reviewed in Table 1 . The mean age of the LRM patients who underwent laminectomy was 58.9 years; 21 were men and 36 were women. Ethnic distribution was noted to include 27 Caucasian, 15 African American, eight Hispanic, and seven Asian patients. The mean length of ICU stay was 2.8 days; the mean acute physiology score was 16.4; the mean APACHE III score was 23.3; and mean GCS score was 14.9.
The mean age of patients in the craniotomy group was 54 years; 20 were men and 36 were women. There were 32 Caucasian, 17 African American, and seven Hispanic patients. The mean length of ICU stay was 3.5 days; the mean acute physiology score was 19.17; the mean APACHE III score was 26.87; and the mean GCS score was 14.3.
The ratio of observed to predicted LOS for the two groups of patients was 1.1 for the laminectomy group and 1.4 for the craniotomy group. No patient in either group died during the hospital stay. One patient in the craniotomy group was readmitted to the ICU after having a grand mal seizure in the hospital unit. Two patients in the laminectomy group were readmitted to the ICU from the hospital unit for prescheduled follow-up surgical procedures.
DISCUSSION
Critical care patients have higher mortality rates and consume approximately four times the resources compared with patients treated on a standard-floor care nursing unit. From our APACHE III data, we were able to assess medical outcomes and carefully scrutinize resources allocated to delivery of critical care.
We searched the medical literature for previous studies regarding postoperative care and mortality rates of patients who have undergone laminectomy or craniotomy. Most neurosurgical patients are admitted to an ICU postoperatively for close observation by nursing staff and critical care monitoring. Patients who have undergone cervical laminectomy are admitted to an ICU primarily for observation of signs of spinal cord or tracheal compression caused by bleeding. In a study by Knaus, et al., [4] only 15% of all neurosurgical patients admitted to an ICU postoperatively received active treatment. Teplick, et al., [11] reviewed the records of 263 surgical patients to assess efficacy of delivering initial postoperative care in the ICU and found that of 13 patients who had undergone cervical laminectomy, none required active treatment while in the ICU. In addition, Teplick, et al., [11] wrote that patients who undergo elective craniotomy had infrequent postoperative complications and could be observed safely for 4 hours in a recovery-room setting before being transferred to a neurosurgical unit.
Before the advent of computer data collection, no consistent way to predict postoperative neurosurgical complication was available except by clinical assessment and GCS score. Using this measure in 1992, Koonsman, et al., [6] claimed that patients admitted to the hospital with a diagnosis of basilar skull fracture and who had a GCS score less than 13 without intracranial disease did not need intensive care monitoring. Physicians' predictions of mortality do not vary much from the APACHE prediction. [1] The most common reasons for ICU readmission are that patients experience cardiopulmonary insufficiency and infection. [9] Erring on the side of caution is wiser because readmission to the ICU increases the risk of mortality to greater than 25%. However, when the clinician has reproducible data from a group of similar patients, risk becomes simpler to evaluate.
Mean LOS in the ICU was 3.26 days for both groups in our study. Our data indicated that each patient could have been safely transferred from the unit after 24 hours. This policy would have reduced the number of ICU days by 255 and thus might have reduced overall hospital stay. Mean APACHE III score was 23.3 for patients in the laminectomy group and 26.87 for patients in the craniotomy group. When the APACHE III scores are less than or equal to 20, the relative importance of disease is small; [5] this was confirmed by our results, which showed that the low-risk patients were admitted to the ICU for observation and nursing care.
Shorter overall hospital stays may be related to physicians' reluctance to discharge patients directly from the ICU. The implication for hospital costs is obvious. In addition, rationing ICU services is a pertinent issue during bed shortages. [10] These low-risk neurosurgical patients have been objectively identified by APACHE III as potential candidates for early transfer so that ICU beds will be available for patients who have more severe illness.
At our institution and many others, all patients who undergo postsurgical laminectomy and elective craniotomy are admitted to the ICU postoperatively for frequent neurological checks. As the cost of ICU care increases, specialized step-down units have become more cost effective and are increasingly being instituted. [13] Based on analysis of our data, LRM patients with these diagnoses could have been cared for in such a step-down unit. A postoperative step-down unit can provide the same monitoring and patient support with a higher ratio of patients to nurses than in the traditional ICU. [10] In addition, patients can be chosen through a combination of clinical assessment and objective prediction. [14] Previous studies have shown a short-stay unit created specifically for patients who underwent laminectomy and discectomy resulted in shorter hospital stay and no associated increase in complication rate. [7] However, most of the studies in which postoperative neurosurgical care was described were done in the last 10 years and before integration of data collection systems was widely validated. Most step-down units emphasize respiratory care because it is generally the primary impetus for readmission to the ICU. [2] The step-down unit may need to be more fully developed to incorporate these low-risk surgical patients.
At our institution, we met with neurosurgical and nursing staff to devise a postoperative care plan to enable LRM patients who underwent laminectomy to go directly to a step-down unit to receive vital sign and neurological checks every 2 hours. The LRM patients who underwent craniotomy would be monitored in the ICU for 24 hours and then go to a step-down unit. This protocol is recommended by neurosurgical texts. [3] Since January 1, 1997, we have been monitoring mortality and readmission rates. To date, examination of our results has shown that the step-down unit is an effective and cost-sparing method of maintaining high-quality postoperative care for patients who have undergone laminectomy or craniotomy.
